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Young-adult-onset (15–44 years of age) Hodgkin lymphoma (HL)
is believed to arise as a consequence of late primary infection in
susceptible individuals. The properties of this susceptibility
remain little understood. We have previously reported an
increased occurrence of HL in patients with rheumatoid arthritis
and among their offspring, suggesting that susceptibility to auto-
immunity might be of importance also in the pathogenesis of HL.
To explore this hypothesis, we assessed the association of personal
and family history of diabetes mellitus, with risk of subsequent
HL in a population-based case-control study, including as cases all
individuals diagnosed with HL above 15 years of age 1964–1999
(n56,873) in Sweden, and matched population controls
(n512,565). First-degree relatives of cases and controls were iden-
tified through linkage with the Multi-generation Register. We
identified discharges listing diabetes mellitus through linkage with
the Inpatient Register (1964–2000). We used odds ratios (OR) as
measures of relative risk. Cases with young-adult-onset HL were
less likely to have a personal (OR50.5, 95% CI 0.2–1.1) or family
(OR50.7, 95% CI 0.6–0.8) history of diabetes mellitus. In con-
trast, HL diagnosed at older ages was neither associated with a
personal (OR51.0) nor family (OR51.0) history of diabetes melli-
tus. These findings suggests that characteristics of the immune sys-
tem associated with conditions such as diabetes mellitus type I are
of importance in the pathogenesis of young-adult-onset HL.
' 2005 Wiley-Liss, Inc.
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Although young-adult-onset (15–44 years of age) Hodgkin lym-
phoma (HL) is thought to arise as a consequence of delayed pri-
mary infection,1 such as Epstein-Barr virus (EBV),2–4 late infec-
tion is not in itself a sufficient cause. Family, HLA and twin-stud-
ies indicate the existence and importance of genetic susceptibility
in the etiology of HL,5–8 but the biological properties of this sus-
ceptibility is unknown.

Inflammatory diseases of autoimmune origin describe an intri-
guing association with malignant lymphomas including HL.9–12

Recently, we found a 3-fold risk of subsequent HL among patients
with rheumatoid arthritis (RA) and an increased risk of childhood
HL in their offspring.12 The underlying mechanisms behind the
observed associations between RA and HL remain, however,
poorly understood. For instance, the increased risk of HL may be
related to the underlying susceptibility towards autoimmunity that
is present in individuals and families with RA, represent a more
direct effect of RA-related systemic inflammation, or a combina-
tion of both. It is therefore of interest to assess the risk of HL in
relation to other autoimmune diseases, in particular in autoim-
mune conditions with an established underlying susceptibility and
familial aggregation but without systemic chronic inflammation.
Diabetes mellitus type I is a prototype such condition. To explore
the association between personal and familial history of diabetes
mellitus type I and the risk of subsequent HL, we performed a
population-based case-control study of almost 7,000 cases of HL,
more than 12,000 population-controls and their linked first-degree
relatives.

Subjects and methods

Cases and controls

The Swedish Cancer Register has been in operation since 1958
with a near complete coverage.13,14 In this register, we identified
as cases all individuals registered with a diagnosis of HL 1964–
1999. For each case, information on date of birth, date of diagno-
sis of HL and sex was collected. Through the nationwide Register
of Total Population, which since 1969 is the Swedish census regis-
ter, we identified 2 controls for each case, matched on sex, year of
birth, marital status and county of residence in the year of the
index patient’s HL diagnosis. After exclusion of controls them-
selves diagnosed with HL before their case, and cases and controls
born outside Sweden, 6,873 cases and 12,565 controls remained
(Table I).

Family members

The Swedish Multi-generation Register15 includes information
on parent-offspring relations for Swedish citizens born in 1932 or
later. Through iterated linkage using this register, parents, siblings
and offspring of individuals born 1932 or later can be identified.
We identified a total of 14,160 parents, 11,255 siblings and 21,850
offspring born before the diagnosis of HL in the index case.

Diabetes mellitus

All individuals were further linked with the Swedish Inpatient
Register 1964–2000,14 which contains individual-based informa-
tion on discharges from inpatient care [coded according to Interna-
tional Classification of Diseases (ICD) versions 7–10] with a pop-
ulation-based (county-wise) coverage that encompassed 50% of
Sweden in the mid 1970s and 100% since 1987.14,15 Through this
linkage, we collected information on all discharges listing diabetes
mellitus including date of discharge. Since there is no code that
unambiguously delineates diabetes mellitus type I from type II (or
from the intermediate late-onset autoimmune type), but practically
all cases with diabetes mellitus type I in Swedes are diagnosed
before 30 years of age, we defined diabetes mellitus type I as a first
diabetes mellitus discharge before this age. To test the robustness
of this classification, other age cut-offs (20 and 40 years of age)
were also employed.

Statistics

We calculated odds ratios (OR) as measures of relative risks
using conditional logistic regression. Young-adult-onset HL was
defined as HL diagnosed between 15 and 44 years of age.1
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Personal history of diabetes mellitus was assessed for cases and
controls up until 2 years before the diagnosis of HL in the index
case (to avoid reversed causality or selection bias), and was strati-
fied according to time between the first inpatient discharge listing
diabetes mellitus, and HL (1–4, 5–9, 10 or more years), sex and age
at first discharge listing diabetes mellitus (0–29, 30 or more years).
Family history was assessed according to type of relation (parent,
sibling or offspring), and relative’s age at first discharge with dia-
betes mellitus (0–29 and 301 years) and timing of relative’s diabe-
tes in relation to diagnosis of HL in the index case. To adjust for
possible differences in family size between cases and controls,
models were adjusted for the number of identified parents, siblings
and offspring. To detect any register-related bias related to the fact
that for index-individuals deceased before 1990, the possibility to
identify first-degree relatives in the Multi-Generation register is
reduced to 50%, we performed separate analyses restricted to cases
diagnosed with HL 1990–2000 and their controls (which revealed
similar ORs as those based on the entire dataset).

Results

Personal history

Young-adult-onset HL was associated with a decreased occur-
rence of diabetes mellitus (OR50.5, 95% CI 0.2–1.1), which was
essentially made up by diabetes mellitus type I (OR50.5, 95% CI
0.2–1.4, Table II) prior to HL. Late onset HL was neither associ-
ated with a history of diabetes mellitus overall (Table II), nor in

analyses stratified by latency periods (0.9 < OR < 1.2) and calen-
dar periods of HL (0.8 < OR < 1.4). With respect to childhood
onset HL (0–14 years of age, 224 cases) no cases but 2 controls
had a pre-HL diabetes discharge.

Family history

Young-adult-onset HL was associated with a reduced overall
occurrence of diabetes mellitus in first-degree relatives (OR50.7,
95% CI 0.6–0.9) (Table II), which was true for parents and sib-
lings (irrespective of siblings age at diabetes mellitus) but not for
offspring, and for diabetes mellitus type I (OR50.7, 95% CI 0.4–
1.3). In late onset HL, there was no overall association with diabe-
tes mellitus in first-degree relatives, but diabetes mellitus was
somewhat more common among parents of cases compared to
controls (OR51.5, 95% CI 1.1–2.2). All parents with a recorded
history of diabetes mellitus were diagnosed at the age 30 years or
above. Neither the timing of relatives’ diabetes in relation to the
case’s HL, nor sex of the cases or controls or calendar period of
HL markedly modified the ORs (data not shown). With respect to
childhood onset HL, 7 cases and 23 controls had a family history
of diabetes, OR50.7, 95% CI 0.3–1.5).

Discussion

The results of our population-based case-control study using
data on family members and diabetes mellitus collected prospec-
tively and independently of case-control status suggest a inverse
association between diabetes mellitus type I (personal as well as
familial) and young-adult-onset HL. No association was found
between a personal history of diabetes mellitus and HL diag-
nosed after 45 years of age, but a positive association between
parental history of diabetes mellitus and HL diagnosed after 45
years of age was observed. For cases with childhood onset HL
(0–14 years of age) numbers were too small to provide reliable
estimates.

Diabetes mellitus type I shows strong genetic susceptibility16

on which environmental factors may exert influence17–20 and is a
prototype Th1-pattern autoimmune disease.21 While factors like
maternal age and low birth order have been linked to increased
risk of diabetes mellitus type I,22 the evidence to link diabetes
mellitus type I with childhood infections or proxy markers thereof
is not as strong as for young-adult-onset HL.23 Data on the risk of
HL in patients with diabetes mellitus (or vice versa), let alone

TABLE II – NUMBER OF EXPOSED CASES (CA) AND EXPOSED CONTROLS (CO), AND ODDS RATIOS (OR) WITH
95% CONFIDENCE INTERVALS (CI) FOR A PERSONAL AND FAMILY HISTORY OF DIABETES DEFINED AS

DISCHARGE FROM INPATIENT CARE LISTING DIABETES MELLITUS UP TO 2 YEARS BEFORE
THE DIAGNOSIS OF HODGKIN LYMPHOMA (HL)1

Diabetes
15–44 years at HL
(n 52,563/4,676)2

451 years at HL
(n 54,292/7,872)2

ca co OR (95% CI) ca co OR (95% CI)

Personal history
Overall 6 24 0.5 (0.2-1.1) 58 109 1.0 (0.7-1.4)
Age at diabetes
<30 years at
diabetes

5 19 0.5 (0.2-1.4) 0 1 0.0 (0.0-1)

301 years at
diabetes

1 5 0.3 (0.0-2.7) 58 108 1.0 (0.7-1.4)

Family history
Overall 251 640 0.7 (0.6-0.8) 149 266 1.0 (0.8-1.3)
Age at diabetes
<30 years at
diabetes

20 51 0.7 (0.4-1.3) 18 32 1.0 (0.6-1.8)

301 years at
diabetes

233 596 0.7 (0.6-0.8) 132 237 1.0 (0.8-1.3)

Type of Relative
Parent 216 553 0.7 (0.6-0.8) 72 93 1.5 (1.1-2.2)
Sibling 23 81 0.5 (0.4-0.9) 8 14 1.0 (0.4-2.3)
Offspring 18 29 1.1 (0.6-2.0) 74 162 0.9 (0.7-1.1)

1Data stratified by age at diabetes and by age at HL.–2Numbers denote included numbers of cases and
controls.

TABLE I – OVERALL NUMBER OF CASES WITH HODGKIN LYMPHOMA
(HL) DIAGNOSED IN SWEDEN 1964–2000 AND THEIR

MATCHED CONTROLS

Cases Controls

Overall 6,873 12,565
Sex
Males 3,968 7,263
Females 2,905 5,302
Age at HL
15–44 2,581 4,693
451 4,292 7,872
Year of HL diagnosis
1964–1979 3,576 6,576
1980–1989 1,796 3,303
1990–2000 1,501 2,686
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among their family members, is scarce as available reports have
not specifically investigated HL.10,24,25 In our study, we observed
inverse associations with young-adult-onset HL amounting to a
nonstatistically significant but consistent 50% reduced risk associ-
ated with a personal history of diabetes mellitus type I, a 30%
reduced risk associated with any family history of diabetes melli-
tus and a 50% reduced occurrence of diabetes mellitus in siblings
of cases with young-adult onset HL. The inverse association with
family history, which was independent of personal history, sug-
gests that the nature of the association between diabetes mellitus
type I and young-adult-onset HL is not exclusively mediated by
intra-individual factors (e.g., intra-uterine or peri-natal environ-
ment, or birth order) but open the possibility that genetic factors
that increase susceptibility to diabetes act to decrease susceptibil-
ity to HL.

We used a register-based case-control design, which ruled
out recall-bias, ensured a population-based setting, and general-
isability of our findings. Validations of the routine diagnoses
of HL within the framework of other studies suggest a higher
than 90% validity during the 1990s (the remainder chiefly
being made up by misclassification of NHL in older adults as
HL).26,27 Misclassification of outcome (HL) is thus an unlikely
explanation for our findings, as these remained largely similar
in analyses restricted to the period 1990–2000. Although all
patients with type II diabetes mellitus may not ever be treated
in inpatient care, the exposure of interest (classical type I dia-
betes mellitus of autoimmune origin) is always treated on an
inpatient basis at the time of onset of disease. We used an
upper age limit of 30 years of age at first diabetes mellitus dis-
charge to defined diabetes mellitus type I, since in Sweden,
other types than autoimmune (type I) is exceedingly rare
before 30 years of age (particularly so during the study period
1964–2000). Importantly, different age-cutoffs either improved
(<40 years at first discharge) or decreased (<20 years at first
discharge) statistical precision but resulted in closely similar
risk estimates (data not shown). In any case, any erroneous
inclusion of diabetes mellitus type II would likely dilute our
risk estimates, and are thus unlikely to explain the observed
reduced risks. Moreover, the prevalence of a diabetes mellitus
discharge among the controls of young adult onset HL (0.5%
overall, 0.4% when defined as diabetes before 30 years of age
and 0.3% when defined as before 20 years of age) corresponds

well with the estimated prevalence of diabetes mellitus type I
in the general population.14 The observed inverse association
between young-adult-onset HL and diabetes mellitus therefore
at least applies to type I diabetes mellitus. The observed
increased risk of diabetes mellitus among parents (who all
were diagnosed above the age of 30 years) and late onset HL
may be a chance finding. Since HL in older adults does not
share epidemiological characteristics with young-adult-onset
HL1,28 and since in Sweden diabetes mellitus above 30 years
of age reflects mix of type I and type II diabetes mellitus
dominated by the latter as age increases, the observed associa-
tion may be biologically different from the inverse association
observed between diabetes mellitus type I and young-adult-
onset HL.

Limitations of our study include lack of information on poten-
tial confounders (although the matched design and analyses
ensured adjustment for sex, age, geography and marital status),
the lack of validation of the register-based data used to define
exposure and outcome and lack of data on, e.g., EBV-status of the
HL tumors. The observed increased risk of diabetes mellitus
among parents (whose earliest dates of discharges were all at ages
above 30 years) and late onset HL is less easily interpreted.
Accordingly, inherent in the time restraints/constraints imposed
by the used registers not all HL patients older than 45 years nor
their siblings and parents were at risk of DM discharge before the
age of 30 years, implying as mentioned that the observed cases of
DM in these group of relatives comprise a mix of prevalent cases
of type I DM and incident cases of type II DM. With these precau-
tions, however, HL in older adults differ epidemiologically from
young-adult-onset HL1,27 and the observed association may be
biologically different from the inverse association observed
between diabetes mellitus type I and young-adult-onset HL.

Our findings add to previous indications of a possible link
between autoimmunity and susceptibility to young-adult
HL,9,11,12,29 which might provide important insights into the yet
unknown pathologies of both young-adult HL and autoimmunity,
both of which appears to involve a dysregulated host response
against infectious agents.

In conclusion, immune characteristics associated with suscepti-
bility to autoimmune diseases like diabetes mellitus type I may be
of importance in the pathogenesis of young-adult-onset HL.
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